The aim of this study was to explore the correlations between the different parameters of the cervical sagittal balance in magnetic resonance images (MRI) and evaluate the criteria for their clinical application in disc-degenerative diseases.
Background
A well balanced sagittal alignment provides biomechanical stability and efficiently maintains the integrity of the musculoskeletal system [1, 2] . On the other hand, sagittal malalignment can lead to disc degeneration and associated clinical symptoms. Spinal sagittal imbalance has been shown to be positively correlated with the occurrence of clinical symptoms [3] . In addition, spinal malalignment can explain the clinical symptoms and guide the treatment, particularly individualized perioperative treatment [4] [5] [6] [7] [8] [9] . Historically, surgical management is aimed at achieving complete decompression and relieving spinal cord compression and clinical symptoms [5, 10] . Headspine-pelvic balance is now used as an indicator of the symptom severity during preoperative assessment and prognostic evaluation [11] . Most of the conventional parameters pertain to the lumbar-pelvic balance, while those pertaining to cervical alignment are scarce. In order to maintain the spinal sagittal balance and biomechanical stability of the normal spine, the cervical spine alignment is adjusted according to the changes in thoracic kyphosis [2] . However, the correlation between the parameters of the cervical and thoracic spinal parameters is weaker than that between the lumbar and pelvic spinal parameters [3, 11, 12] . In recent years, thoracic inlet angle (TIA), neck tilt (NT), and T1 slope (T1S) have been extensively investigated as parameters for the quantification of the balance in the head-cervical-thoracic region. In this study, we sought to determine the correlation between TIA, TIS, NT, and Cobb's Angle in magnetic resonance images (MRI) of patients with disc-degenerative diseases and to compare these values with those obtained for normal individuals.
Material and Methods
The study was designed as a retrospective review of the MRIs of 125 consecutive outpatients with disc-degenerative diseases (C3-C7), obtained at the China-Japan Union Hospital, between May and July 2014. The study protocol was approved by the ethics committee of China-Japan Union Hospital of Jilin University.
The inclusion criteria were defined as presence of neck pain with or without neurologic symptoms (i.e., radiculopathy or myelopathy). The severity of disc degeneration was determined according to the degree of cervical disc herniation. The exclusion criteria were: trauma, rheumatoid arthritis, spinal tumors, history of cervical spine surgery, and evidence of the ossification of the posterior longitudinal ligament and/or the ligamentum flavum. The male-to-female ratio in this group was 56: 69, and the mean age of the patients was 50.3±9.19 years (age range, 26-69 years).
Another group of 50 asymptomatic volunteers was also recruited to serve as the control group, and their MRIs were obtained in a similar fashion. The mean age in this group was 44.76±13.72 years (age range, 21-69 years), and the male-tofemale ratio was 19:31.
Ten patients each in both groups were aged between the 3 rd decade and 6 th decade. The MRIs were obtained by 2 independent observers, with the patients lying in the supine position and facing upwards. All images were obtained using the same imaging system (Siemens 3.0T, AG, Germany). The scan was performed from the level of the external auditory canal to the 6 th thoracic vertebra. The value of each parameter, including NT, T1S, TIA and Cobb's angle, was independently measured twice by both spinal surgeons using the software Centricity Enterprise Web V3.0. The mean of the measurements was taken as the final measurement, and the Pearson correlation coefficient was determined. The statistical analysis was performed using the software IBM Corp. Release 2012 IBM SPSS Statistics for Windows, Version 21.0 (IBM Corp. Armonk, NY, USA).
The measurements were made on the mid-sagittal slice. NT was defined as the angle between a vertical line drawn on the tip of the sternum and a line connecting the center of upper endplate of T1 to the tip of the sternum. T1S is the angle formed between a horizontal line and the upper endplate of T1. Further, TIA is defined as the angle formed between a vertical line at the center of the upper endplate of T1 and a line connecting the center of the upper endplate of the T1 to the sternum tip ( Figure 1 ). Thus, TIA is a sum of T1S and NT, similar to PI, which is the sum of SS and PT [12] . Further, sagittal lordosis was measured as the angle between the horizontal line on the lower endplate of C2 and a horizontal line on the lower endplate of C7.
Results
In the outpatient group, the mean T1S was 22.56°±6.88° (range, 4.60° to 39.00°); mean NT, 52.94°±8.92° (range, 33.30° to 78.10°); mean TIA, 75.70°±9.40° (range, 43.60° to 101.60°); and mean Cobb's angle, 10.64°±8.38° (range, 1.10° to 47.00°) ( Table 1 ). The correlation coefficient for TIA and T1S was 0.40 (p value <0.01), implying a moderate correlation between these parameters. Further, TIA was significantly correlated with NT, with the correlation coefficient being 0.74 (p value, <0.01). However, both TIA and T1S showed a weak correlation with Cobb's angle (0.22 with p value <0.05 and 0.40 with p value <0.01, respectively). Further, the correlation coefficient between TIS and NT was negative (-0.27, p value <0.01) ( Table 2 ).
In the asymptomatic group, the mean T1S was 29. Table 3) . TIA was significantly correlated with NT and Cobb's angle (p<0.01), but weakly correlated with T1S. Further, the correlation between T1S and Cobb's angle was weak (Table 4) .
Additionally, the outpatients group was divided into different subgroups numbered according to the number of segments with disc protrusion, e.g., Group 1, with protrusion in 1 segment. Each of these subgroups was compared with the asymptomatic group using the independent-sample t test (Table 5 ).
The value of TIA did not differ significantly between the outpatient group and the asymptomatic group, whereas those of T1S, NT, and Cobb's angle showed significant differences. The values of NT and T1S differed markedly among groups 1, 2, and 3, which had similar sample sizes (Table 5 ).
Discussion
In this study, we compared the values of the parameters for the assessment of cervical spine alignment obtained using 
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MRI acquired for patients with disc-degenerative diseases and those acquired for normal subjects.
Although measurements of parameters related to cervical alignment obtained for asymptomatic individuals without a history of spinal surgery are available in literature, most of these measurements were obtained using radiographs acquired in the standing position [11] [12] [13] [14] . The contour of the sternum tip is difficult to detect in plain radiographs, which may compromise the accuracy of the measurements. Further, no significant difference has been reported between the measurements of the parameters obtained using cervical computerized tomography scan images acquired in the supine position and those obtained using radiographs acquired in the erect position [14] . Thus, we made the measurements using MRI acquired in the supine position, similar to previous studies in Asian populations.
In the past, Cobb's angle was considered a gold standard for the assessment of cervical alignment because of its reliability and easy applicability [15] . However, the complexity of the cervical anatomy and biomechanics limited the accuracy of measurements made using Cobb's methods. Subsequently, it was shown that the Cobb's angles at C1-7 and C2-7 overestimated and underestimated, respectively, cervical lordosis [16] . Previously, some studies have shown deficiencies in the measurements of the range of cervical lordosis using Cobb's method [15] [16] [17] . Therefore, no normal range and measuring method have been established. With the technological advancements and improvement in our understanding of the properties of the spine, the parameters of regional balance were examined and those related to the cervical alignment attracted considerable attention. Berthonnaud et al. conducted a retrospective review of the lateral radiographs of 160 asymptomatic adults. On analyzing the parameters, he found that a change in a single region would cause a change in the spinal sagittal balance of the adjacent segment. In order to maintain the upright posture, cervical lordosis changes with a change in thoracic kyphosis. However, the correlation coefficient between cervical lordosis and thoracic kyphosis is weaker than that between the pelvis and lumbar alignments [2] . C0-2 had high mobility and strong compensation. Although the head directly influences the stability of this segment, the lower cervical alignment plays a key role in the biomechanics of the spine. Hardacker et al. reported that the lower cervical segment had a significant correlation with the total cervical lordosis, despite the fact that the physical lordosis is lesser at the lower cervical levels. Since the thoracic spine is the skeletal basement of the cervical vertebrae, it is important that the relationship between the 2 segments be properly examined, as is the case with the lumbar and pelvic segments of the spine [3] . Many studies have confirmed the feasibility of TIA for assessing cervical sagittal balance, similar to PI that is used for the assessment of lumbar lordosis. In a retrospective study of standing lateral radiographs of 77 asymptomatic volunteers, Sang-Hun Lee et al. found that T1S correlated significantly with sagittal balance and was, in fact, one of the key factors influencing the latter. They stated that in order to maintain the balance of the cervical spine, T1S would increase if the cervical lordosis increased and that the value of T1S is affected by posture. Therefore, they stressed the importance of using TIA as a constant parameter in the evaluation of cervical balance [13] . In 2012, Sang-Hun Lee et al. conducted a prospective study of lateral radiographs. In that study, the mean value of TIA was 69.5°±8.6 and it was significantly correlated with T1S. They concluded that TIA could be considered as a guide parameter to evaluate the cervical sagittal balance because TIA was not affected by the change of posture. By determining that the normal NT in the upright position was preserved at around 44° and considering that the NT maintained the physiological needs and the direct line of sight, they concluded that TIA would increase when T1S increased, since TIA=T1S+NT [12] .
Analysis of the MRI of the asymptomatic group showed that TIA had a strong positive correlation with NT and Cobb's angle. Further, the value of TIA would change to a certain degree with an increase in the number of degenerative segments, but not significantly. The mean TIA measured in this study was 75.70°±9.40°, which is similar to the values reported by Hyo Sub Jun (75.09°±8.1°) [14] and Ji Hoon Park (70.50°±10.66°) [18] based on measurements obtained using computerized tomography scans. The TIA did not differ significantly in the outpatients group and the asymptomatic group. Further, a decrease in the value of T1S was associated with an increase in the value of NT. The T1S, NT, and Cobb's angle differed markedly in the 2 groups. Because of the small size of Group 4, there was no statistical significance of the differences noted for this group. Groups 1, 2, and 3, however, differed significantly in T1S and NT, as compared to the control group. With regard to the asymptomatic group, Groups 1 and 2 showed no difference in Cobb's angle. In general, with an increase in the number of cervical disc protrusions and the severity of degeneration, the values of the parameters tended to decrease. However, the TIA remained within a certain range, and did not differ in the outpatients and the asymptomatic groups. Compared to the lumbar spine, the cervical spine is exposed to a lower level of biological force and its compensatory ability is greater. Cervical vertebral dislocation caused by degenerative disease is rare, but when severe, cervical degenerative diseases can cause bone changes such as osteophyte formation or neck deformity and also lead to difficulty in maintaining a horizontal line of vision. These changes can then lead to changes in the degree of thoracic kyphosis and lumbar lordosis in order to maintain the quality of life. In this study, we found that although TIA did not show any obvious differences in the outpatients group and the asymptomatic group, it does respond to compensatory changes. This indicates that the cervical spine is in a stage of offset, whereby alignment deformity of the cervical spine, such as the swan-neck deformity, does not occur if the TIA is maintained at around 75° in the supine position. The first thoracic vertebra, which is a bony unite connecting the cervical and thoracic spines, plays a key role at the base of the cervical vertebrae. The T1S at the junction of the cervical and thoracic spines reacts to the tilting of the basement of the neck. It is an important process in maintaining the physiological curvature of the cervical spine. NT changes in order to maintain a horizontal vision line. Geometrically, TIA is the sum of T1S and NT. During the process of offset, the neck undergoes gradual hypsokinesis and directly increases NT and indirectly reduces T1S. Meanwhile, the TIA changes within a range of compensatory value. In the cervical disc-degenerative diseases, TIA does not change markedly and could be used as a reference parameter during surgery. When analyzing the data from the MRI obtained in the supine position, the surgeon should consider the restoration of NT and T1S, particularly NT. This is possible because the same data are required for surgery with the anterior approach, which is widely performed for cervical anterior compression. Before the operation, a surgeon can plan the surgery in such a manner that T1S is maintained or increased appropriately, thereby decreasing the NT indirectly with an acceptable range of the TIA; this would minimize the changes of long-term complications of the deformity and ensure an improved postoperative outcome [19] .
This study has a few limitations. First, it focused only on imaging findings, rather than the clinical symptoms, and did not assess the outcome of the treatment. Few published reports have been discussed in our paper because of the lack of the research on the parameters of cervical alignment, such as TIA, NT, and T1S, and because the comparison of the parameters in patients with cervical disc-degeneration disease and normal, asymptomatic subjects has not been reported. In future, we intend to evaluate the parameters in patients of different ages undergoing treatment for cervical spondylosis. Further, we intend to assess the reliability of the TIA in explaining symptoms, establishing the goals of treatment, and evaluating prognosis.
Conclusions
The TIA, T1S, and NT could be used as tools for assessing the cervical sagittal balance. TIA could be used as a reference and constant parameter, similar to PI, to assess cervical compensation since TIA in the outpatients group was similar to that in the asymptomatic control group in the supine position. NT and T1S, however, differed remarkably. Therefore, surgical treatment of patients with disc-degenerative diseases should include restoration of NT and T1S as a therapeutic goal during the preoperative planning. Our study showed that TIA, T1S, and NT were predictable indices that can assist preoperative planning.
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